Nicotine exposure during a critical period of development leads to persistent changes in nicotinic acetylcholine receptors of adult rat brain.
Effects of neonatal nicotine exposure on the development of nicotinic acetylcholine receptor (nAChR) alpha2, alpha3, alpha4, alpha7, and beta2 subunit mRNAs and the number of nAChR isoforms in rat brain were studied. The mRNA levels for nAChR subunits were measured by ribonuclease protection assay, and the number of nAChR isoforms was measured with (-)-[3H]nicotine, [3H]epibatidine, and alpha-[3H]bungarotoxin ([3H]alpha-Bgt). Pups were divided into two groups: One group received (-)-nicotine treatment (0.1 mg/kg s.c. free base twice per day) during postnatal day (P)1 to P21 and the other during P8 to P16. The period from P8 to P16 was chosen due to persistent changes that occur in brain nAChRs and in the behavior of adult mice that received (-)-nicotine treatment during P10 to P16. (-)-Nicotine exposure from P1 to P21 significantly up-regulated the number of [3H]epibatidine and high-affinity (-)-[3H]nicotine binding sites in most of the brain regions studied but did not influence the number of [3H]alpha-Bgt binding sites. This effect was a transient one: The up-regulated binding sites returned to control level 1 week after withdrawal from nicotine. (-)-Nicotine exposure during P8 to P16 resulted in a significant and long-lasting increase in the number of nAChR isoforms labeled by (-)-[3H]nicotine, but not by [3H]epibatidine, in the cortex, hippocampus, and striatum of adult rat. This treatment converted the low-affinity binding sites of (-)-nicotine into a high-affinity state revealed by the competition studies of (-)-[3H]nicotine/(-)-nicotine. No changes in the mRNA levels of the subunits studied were observed following nicotine treatment during these two periods. These results suggest that the second postnatal week is a critical period during which nicotine treatment can induce permanent effects on the nAChRs in rat brain. The underlying mechanisms involved in the up-regulation of the number of nAChRs observed in this study are posttranscriptional.